Abstract In India up to 50 % of breast cancer patients still present as locally advanced breast cancer (LABC). The conventional methods of metastatic work up include physical examination, bone scan, chest & abdominal imaging, and biochemical tests. It is likely that the conventional staging underestimates the extent of initial spread and there is a need for more sophisticated staging procedure. The PET/CT can detect extra-axillary and occult distant metastases and also aid in predicting response to chemotherapy at an early point in time.
Introduction
The breast cancer has become the most common cancer of urban women and the second among rural women in India. The age standardized incidence rates range from 6.2 to 39.5 per 100,000 women. The majority of the women still present at an advanced stage particularly in public sector hospitals. The reasons attributed include lack of awareness, socioeconomic factors and the absence of a screening program.
Almost 30 to 50 % of these patients present with a locally advanced disease at presentation [1] . The term locally advanced breast cancer (LABC) is used to describe a breast cancer that has progressed locally but has not yet spread beyond the regional lymph nodes. It encompasses patients with the stage III disease according to AJCC/TNM, 7th edition, 2010 [2] . The stage III has been subdivided into A, B and C depending on the presence of N2 (A), T4 (B) or N3 (C) disease. As of today, the standard treatment is multimodal consisting of neo-adjuvant chemotherapy (NACT) followed by definitive surgery, adjuvant chemotherapy (if not completed before) and radiation therapy with or without hormonal treatment. The LABC is associated with substantial risk of occult metastases in about 20 % of patients [3] . Hence these patients need extensive workup for distant metastases prior to initiation of therapy. The conventional or standard methods of staging include physical examination, serum chemistry (blood count, liver function tests) mammogram, ultrasound of breast, magnetic resonance imaging (MRI) of breast, skeletal scintigraphy, chest imaging (chest x-ray or contrast enhanced computerized tomography (CECT) of the chest) and abdominal ultrasound or CECT [4] . The problem with these conventional tools is that they are multiple tests, less reliable as they rely on morphological characteristics of the target lesions (size, border, irregularity etc.) and lack the ability to detect extra axillary nodes such as internal mammary nodes leading to error in staging and treatment. The LABC patients have a high rate of systemic relapse, so current conventional evaluations are likely to underestimate the extent of disease [5] . Consequently, there is a need for more sophisticated staging procedures to exclude patients with metastatic disease from the aggressive treatment strategy in LABC. Several studies have reported the better ability of PET and PET/CT in detection of extra-axillary nodes and distant metastases compared to conventional staging methods [4] [5] [6] [7] [8] [9] . In contrast to conventional tools, the 18F FDG PET/CT co-registers anatomical CT images and the functional PET images in a single study. Furthermore, the cost of performing multiple studies in the conventional staging may add up to that of a single PET/CT study.
Another area where PET/CT could have a role in the management of LABC patients is in assessing the treatment response. It has been reported that early response after two or three cycles of chemotherapy can be a predictor of pathologic complete remission and may therefore serve as a predictor for long-term outcome [10] [11] [12] . Around 70 % of patients demonstrate clinical response to NACT, but only about 20 % achieve complete pathologic response [13] [14] [15] . In comparison with non-responders, patients with complete pathologic response or minimal residual disease have longer disease-free and overall survival rates [13, 16] . Therefore, methods that allow prediction of therapeutic effectiveness at an early time point could help to individualize treatment, switch over to noncross resistant chemotherapeutic agents and to avoid potentially ineffective chemotherapies. Again the conventional anatomical methods such as mammogram, MRI and CECT record the morphological response which takes some time to manifest (at least 4-6 weeks) whereas the PET/CT records the biological response of the tumour in addition to morphologic response. The distinction between post chemotherapy fibrosis and the residual viable tumour tissue is also a problem with the conventional tools. The metabolic response to chemotherapy occurs much earlier to the tumor size reduction; hence by employing PET/CT at the completion of 2 or 3 cycles of chemotherapy, one can predict the effectiveness of the chemotherapy regimen. This early detection of non-responders aids in change of the therapeutic plan. In complete responders a breast conservation strategy could be employed. Hence the present study was designed to evaluate the utility of 18F-FDG PET/CT in initial staging and response assessment of patients with LABC receiving NACT with specific objective to compare 18F-FDG PET/CT with conventional methods in staging of LABC and to evaluate its role in predicting pathological response to NACT.
Materials and Methods
This is a prospective study of all willing, biopsy confirmed female patients diagnosed with LABC by conventional tools receiving initial NACT, at Sri Venkateswara Institute of Medical Sciences (SVIMS), from April 2013 to May 2014.
Inclusion and Exclusion Criteria
All consenting female patients with the biopsy proven, unilateral, newly diagnosed locally advanced breast cancer (defined as those belonging to stage III, AJCC/TNM, 7th edition, 2010 after conventional work up) presenting to surgical, medical or radiation oncology departments of SVIMS during the study periodwere included. The patients with early breast cancer, pregnancy, uncontrolled diabetes, male breast cancer and those who have already received treatment elsewhere were excluded. The institutional ethical committee clearance was obtained and all the investigations were done free of cost through funding by the Institute.
Methods
All consenting, eligible patients presenting with clinical suspicion of LABC were thoroughly evaluated with detailed history, physical examination, serum chemistry (complete blood count, liver function tests), bilateral mammosongram followed by a confirmatory biopsy (trucut/incisional/excisional biopsy) for histological diagnosis and immunohistochemistry for hormone receptor status, Her 2 nu amplification and Ki 67 expression. As a part of conventional staging they were evaluated with 99 m Tc MDP bone scan, CECT chest and abdomen. The ipsilateral mammogram was omitted for patients with ulcerated and/or painful lesions. All these patients underwent a baseline whole body 18F FDG PET/CT, according to the standard protocol practiced in the department of Nuclear Medicine, SVIMS. Those patients who harboured metastasis on the conventional or PET/CT imaging unequivocally received palliative chemotherapy. All other patients received NACT as per the protocols of department of Medical oncology. The response to NACT was determined clinically before each cycle and recorded. A restaging whole body PET/CT was done after 2nd or 3rd cycle in non-responders and after 3rd or 4th cycle in responders. The decision to change chemotherapy regimen or to perform surgery or irradiate in non-responders was made after discussion in the institutional multidisciplinary tumour board. In responders, a symptom directed restaging workup was done and the surgery was scheduled after 2-3 weeks of the last chemotherapy and once all the blood parameters are normalized. The pathological response was assessed by histopathological analysis of the operative specimen and was compared with the restaging PET/CT report.
Results
During the study period, a total of 123 patients with breast cancer presented out of whom, 38 patients met the inclusion criteria for the study. A total of 10 (26 %) patients found to have metastasis and referred for palliative chemotherapy and 28 patients received NACT. Finally 14 of 28 patients underwent restaging PET/CT and 11 of these underwent surgery. The patient and tumour characteristics are given in the Table 1 .
Stagingy
The conventional staging work up detected metastatic disease in 6 (15 %) patients whereas the whole body PET/CT reported metastasis in 11 (26 %) patients, out of which one patient was found to have abscess in the lung (false positive) on biopsy. The PET/CT not only detected metastasis in 4 additional patients apart from all the 6 patients reported so by the conventional tools, it also picked up additional sites of metastasis in these patients. The conventional tools picked up a total of 8 metastatic sites in 6 patients, whereas PET/CT reported 15 metastatic sites in 11 patients. The comparison of PET/CT with CECT and Bone scan are shown in Figs. 1 and 2 . The PET/CT detected 3 osteolytic skeletal m etasta sis wh ich were not pick ed by the conventional bone scan. One mixed lesion was picked by both where as one osteoblastic metastasis was missed by PET/CT. All the primary tumours showed FDG uptake, the baseline mean maximum standardized uptake value (SUVmax) for the primary lesion was 13.91 (range 5-42.6) and baseline mean SUVmax in axilla was 9.06 (range 1-18.4). In 5 (13 %) patients of all the 38, PET/CT detected N3 disease which was missed by conventional imaging, of which 3 patients also had systemic metastasis (Fig. 3) . The extra axillary sites of nodal disease detected were internal mammary node in 2 patients, infraclavicular nodes in 2 patients and supraclavicular nodes in 4 patients. Of the 28 LABC patients, PET/CT changed staging from IIIA to IIIC in 2 patients (7 %). In comparison to conventional imaging the PET/CT upstaged the disease in 33 % of the patients.
Response Assessment
A total of 14 patients underwent restaging PET/CT of whom 11 underwent modified radical mastectomy. On restaging PET/CT, 9 (64 %) patients had response and 5 (36 %) patients had stable disease. In 2 (14 %) patients with stable disease, chemotherapy regimen was changed and 3 patients underwent surgery. One patient among the responder group did not turn up for surgery.
The mean post treatment SUVmax of the primary lesion was 5.06 (range 0-13.65), a 64 % reduction compared to the baseline SUVmax of the primary tumor (Fig. 4) . The comparison between restaging PET/CT report and final histopathology is given in Table 2 . The response assessment correlated with the pathologic response in 9 of 11 (80 %) patients. Overall, the PET/CT provided information which had impact on the treatment plan in 36 % of the patients (10 metastatic, 2 N3 disease, 2 received 2nd line chemotherapy, 14 of 38 patients) (Fig. 5) .
Discussion
The recommendations of the international guidelines for the work up of a patient with locally advanced breast cancer vary from one another. The more commonly followed National comprehensive cancer nerwork clinical practice guidelines in oncology in its latest version (available at the time of writing the article) recommends PET/CT as category 2B option. The panel also advocates the performance of PET/CT particularly in patients with equivocal or suspicious findings on standard staging studies [17] . One of the reasons for not advocating the PET/CT is the lack of data showing clinical benefit. The majority of available evidence comes from the earlier studies which have used only PET. The superiority of combined PET/CT over PET is well documented. The emerging data on combined PET/CT can change the future guidelines. The problem with the standard staging studies have been mentioned earlier. In comparison, the PET/CT being a single and sensitive study and has several advantages. The reported advantages include detection of multicentric disease, occult metastasis, extra axillary nodal disease and incidental second primaries [9] .
In the present study PET/CT was superior to conventional staging methods in identifying more number of patients with metastasis (26 vs 15 %). It also picked additional sites of metastasis in patients who were harbouring metastasis. This has therapeutic implications particularly when the role of surgery, radiofrequency ablation or cyberknife in patients with oligometastasis is being seriously contemplated. The PET/CT also detected disease in internal mammary and infraclavicular nodes in 7 % of patients. Again this has implications for the target volume planning of post-surgery radiation fields and radiation boost in the era of conformal radiotherapy. In a study of 119 patients, of which 69 were newly diagnosed LABC reported by Mahner et al., conventional imaging detected metastasis in 8 patients (11 %) compared to 18F FDGPET which detected metastasis in 18 patients (26 %) [4] .
In the present study, in comparison to the bone scan, PET/ CT picked up more osteolytic lesions and missed one osteoblastic lesion. It has been suggested that with careful examination, the osteoblastic lesions can be detected on the CT component of the PET/CT even without the tracer uptake [18] . The one area where the bone scan scores over the PET/CT is that it is a whole body scan in the truest sense compared to PET/CT where images are usually acquired from the skull base to mid thigh with arms raised. Hence most of the skull bones, upper and lower limb bones are not included in the study with PET/CT. In a recently published study of 117 LABC patients out of which 82 were non Inflammatory LABC, from France, Groheux et al., reported modification of the clinical stage in 48 % of patients with non-inflammatory LABC. The sensitivity, specificity, positive predictive value, negative predictive value and accuracy for the diagnosis of bone lesions were all superior with the PET/CT than the bone scan. In contrast the same parameters were relatively better for a dedicated CECT chest for the detection of lung metastasis. The main reason for the inferior results with the PET/CT in the evaluation of lung metastasis is the lack of breath holding and no contrast being used. This limitation of PET/CT can be overcome by performing the diagnostic CT with contrast along with the PET [18] . In the present study the PET/CT, though did not miss any lung metastasis detected on CECT chest; it reported one false positive metastasis and it also picked 2 additional lesions. In the abdominal imaging also the PET/CT detected 4 lesions compared to only one with the CECT. The detection of brain metastases with PET/CT is difficult owing to the normal background uptake in brain. This is important particularly in patients with Her 2 Nu amplified tumors and triple negative breast cancer. Future advances in the PET imaging with newer tracers or combined PET/MR imaging can address this issue.
Another area which the present study focused was assessing treatment response. The time lag between chemotherapy and the morphologic response (identifiable tumor size reduction) ranges anywhere between 4 and 6 weeks, which is too long. Furthermore, with the morphological imaging it is difficult to distinguish fibrosis with the viable tumor residue 16 Fig. 4 The chart comparing T SUVmax pre and post treatment and the presence of scarring, oedema and inflammatory reaction in the post chemotherapy setting can lead to misclassification of a chemo-sensitive tumour into a nonresponder [19] . The use of PET/CT can avoid all these problems. The PET/CT can detect response of the tumour as early as following 1st or 2nd cycle of chemotherapy by documenting the reduction in the metabolic activity. The implications of this approach is the early discontinuation of the ineffective and potentially toxic chemotherapy and institution of the new non cross resistant therapy. If possible even surgery or irradiation can be considered. The cutoff percent reduction in metabolic activity is debatable and studies vary in choosing from 20 to 60 % after 1st or 2nd cycle of chemotherapy [20] [21] [22] [23] [24] [25] [26] [27] . In responders, the PET/CT can identify a subset of patients such as those with complete response or minimal residual disease who are eligible for the breast conservation.
To conclude, the PET/CT upstaged disease in 33 % of the patients and influenced treatment decision in 36 % of the patients, which is comparable to the studies, reported earlier [9, 18, 23, 26, 28] . The major criticism against the wider use of PET/CT includes detection of indeterminate nodules in the lung, which could be granulomatous or infective aetiology which we did not encounter in our study. Another concern is the cost vs benefit issue. But, when the cost of performing multiple tests is added together, the total cost may come up to that of a single PET/CT study. Since being a smaller study, the conclusions drawn needs to be verified by a larger study. 
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